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The standard model of particle physics
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What we do know

* 4% of the Universe content: matter,

described by the Standard Model
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What we do know What we don’t know

96% of the Universe content: dark matter
and dark energy

4% of the Universe content: matter,

described by the Standard Model
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Search for New Physics

Direct search for new particles (LHC experiments ATLAS and CMS)
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Search for New Physics

Direct search for new particles (LHC experiments ATLAS and CMS)
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Search for New Physics

Indirect effects through high precision tests of SM (LHCb, Belle I1,...)

New particles can
AtxAE ~h/27 —, |appearduringa short
time, modifying the
property of a decay




Search for New Physics

Indirect effects through high precision tests of SM (LHCb, Belle Il,...)

New particles can
AtxAE ~h/27 —, |appearduringa short
time, modifying the
property of a decay

b |,|,+

- =+
{EH il {
t il _
- W "

— High statistics needed!
== LHC, SuperKEKb




In practice, we can

* Measure quantities precisely predicted by the SM, ex : B.>pp

SM = (3.65+0.23)x10°° _ Qusaucouenny A,
%50:— —4— Data o/"@ —
= E — Slljgnal and bac@g E
g of N <
LHCb latest measurement: = -~ Conbinereiiia /g"o]
| émé_ — = Peakingtho. _ S &
B(B,— p'p) = (3.09753 0u1) x 1077, 3 E
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e Look for forbidden decays
Ex: lepton number violating, lepton flavor violating
o ---'u_
TSR Observation would be a clear sign of NP!
N
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In practice, we can

Test properties of SM
Ex: lepton flavor universality
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The experiments

Belle Il at SuperKEKB
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SuperKeKb in Japan

e*e collider, located at KEK, Mt. Tsukuba
60km from Tokyo
Working at 10.58 GeV to
produce b quark pairs
Started in 2019

. I " : -
Most intense accelerator! KEKB Ringm-c =05

—
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KEK Tsukuba
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Belle I

KL/u detection
Scintillator
+SiPM(endcap)

7 GeV e

Vertex Detector
2-lyr. DEPFET pixel + 4-lyr DSSD

ECL -wave
sampling + pure Csl

crystal(endcap)

PID

TOP + Aerogel-RICH

CDC

Super small cell
Longer lever arm

4 GeV e*

Total integrated Weekly luminosity [fb~1]

Belle Il Online luminosity Exp: 7-26 - All runs
L7597 integrated luminosity
B Recorded Weekly /
15.0 s f L pocoriied dt = 42779101 /

12.5 4~
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Date

Updated on 2022/06/22 18:14 |]ST

Experiment restarting after 1.5 year of shutdown
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Belle Il collaboration

~1000 physicists
In France: Orsay, Strasbourg, Marseille
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Belle Il collaboration

~1000 physicists

In France: Orsay Strasbourg, Marseille
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Belle || @ CPPM

Group created in 2019

3 seniors / 2 postdocs / 3 PhD

Activities:

Search for lepton flavor violating decays of T lepton and B meson

Tracking performance studies, improvement of tracking algorithms
Operation of the silicon vertex detector

 Development of new vertex detector

https://www.cppm.in2p3.fr/Belle2/en/

If interested, contact Justine Serrano (serrano@cppm.in2p3.fr)
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LHCb experiment (2011-2018)

RICH2 M1

Collision
point “:ooa\oo
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“Light” b and ¢ hadrons are
produced mostly in “backward”
and “forward” directions,
only “forward” is instrumented




Upgraded LHCb (2022-)

40 MHz bunch crossing rate

W N L
LO Hardware Trigger : 1 MHz

} SiliconTracker Tracking Muon MWPC
Si strips stations (almost
(replace all) (replace all) compatible)

readout, high Er/Pr signatures

. Software High Level Trigger

| event select
displaced tracks/vertices and dimuons

[ Buffer events to disk, parform cnline \
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

12.5 kHz Rate to storage

HPDs Calo PMTs

(I‘EP| ace (replace MO) :'Sol‘tware High Level Trigger .
HPD & R}I()) Full event reconstruction, inclusive and ]
s

exclusive kinematic/geometric selection

Increase luminosity by ~x5

Run-by-run detector
calibration

Major detector, data acquisition

Add offline precision particle identification

and trlgger upgrade ‘ ‘ and track quality information to selections
(including fully software trigger on GPU) N

2-5 GB/s rate to storage



LHCb group at CPPM

. ?.- ‘4-1& Q » l\" "':;-"; 17- i :

Main activities of the group:

« Analyses: charged anomalies (semileptonic B decays)
« DAQ electronics (PCI readout boards)

« Trigger (HLT1 on GPU and HLT2 on CPU)

. Preparation for Upgrade Il: vertex detector sensors



Lepton flavour universality: b—>clv

BR(B® — D*~17v.)
BR(B® — D*~putv,)

Study charged weak current: e.g. R(D*) =

« Tricky: neutrinos are not reconstructed

. Use event topology for kinematic constraints

. Use machine learning algorithms trained on
simulated signal and backgrounds

g 5 Proton
B t interaction B meson
decay

............. e , ————
B’ ’
— +
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Lepton flavour universality: b—>clv

Study charged weak current:

All measurements are systematically above SM!

BaBar 2012, had. tag
0.332£0.024 +0.018

BL[]L "01\ had. tag
+0038 +0015

BL[]L "01? {h 1d1omu tau)
02

T0+00

BL[]L "019 \] [‘1
283 +(|f||3 £0014

ELLJ in.[lr'% +0.024

l }It‘h 1(J“ Iludmmc tau)
\
BL[]L“ "O’ }ad tag

e !

7+0.040'+0.031°
ﬂ 2&4 -gl] 012
HFLAV SM Average
0.254 + 0.005
PRD ‘JS (‘]2017) 115008
J]-[EPil?l?._(ZUIT) 060
0.257 £ 0.005
PLB 795&2019) 386
0.254 £ 0.007
PRL 123 (2019) 9,091801
0.253 £ 0.005

EPIC 3063020) 2,74
0.247 £ 0.006
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HFLAV

BR(B® — D*~717v,)

R(D*)

- BR(B° — D*—putu,)
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Semileptonic B decays: other than R(D*)

Investigating other observables sensitiye.to NP:

« Angular distributions:

d'T 9
dg*d cos Opd cos Bedy - 32

{Ih_. cos?fp + I, sin 0

+ [Ig,_ cos’ fp + I, sin® -‘?D] cos 20,

z (pb-)

+ [Iﬁc cos® Bp + Iy, sin’ F)D] cos

+ [I3 cos 2 +[lo sin 2y fsin? #; sin® 0
— . X Parity- and
+ [1’4 cos x +}s sin X] in 26, sin 26 CP-violating terms

+ [fa cos Y +7 sin X]l;in B¢ sin 2-‘)5} X =0in SM

« LFU observables with electrons: R (D), Reﬂ(D*)

« Decay with other D states: orbital D excitations
« Master internship and PhD project in 2024

. Contact Anton Poluektov (Anton.Poluektov@cern.ch)
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LHC long-term schedule

LHCDb Upgrade |

Run 3, 25 fb1

2026 2027 2028
OND|J FMAM|J JASOND[JIFMAMJ] ] AIS D{J[FMAM] J|AS/ONID{]IFMAMJ|JASON|DIFMAMJ JASONDIFMAM JAS/IOND{I FMAMJ|]ASOND
[ Run 3 Long Shutdown 3 (LS3)
2030 2031 2032 2033 2034 2037
J|FMAM ][] [A|S|OND|{] FM J/J/A/S|OIN[D{]|F MIAM|]|]|A|S|ON|D|] [FMAM|]|{]|AS|ON|D| AS

Run 4

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning/magnet training

L =2x1033

LS4

LHCb Upgrade Il

Last updated: January 2022

Run 5, 300 fbt

L = 2x1034, u=50
~400 Tb/sec at readout



Thanks!



